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The  standard  wear- reducing  liner  in  the  U.  S,  ammunition  inventory 
consists  of  titanium  dioxide  blended  into  paraffin  wax.  The  blend  is 
forty-five  parts  by  weight  T3O2.  The  TiOg-wax  liner,  invented  in 
Sweden,  replaced  polyurethane  foam,  a Canadian  invention,  which  was 
the  first  wear-reducing  liner  adopted  by  the  U.  S.l 

During  development  tests  with  the  Ti02  -wax  liner,  it  was  noticed 
that  the  Ti02-wax  liner  tended  to  leave  residue  in  the  chamber  when  the 
ammunition  was  conditioned  above  325K  (125°F).  It  was  also  noticed  that 
the  additive  was  not  as  effective  in  reducing  erosion  at  the  higher 
conditioning  temperature. 2 The  polyurethane  foam,  on  the  other  hand, 
never  left  residue  at  any  conditioning  temperature. 4 


More  recently  the  Ti02-wax  liner  conditioned  at  336K  seems  to  be 
the  culprit  in  residue  from  the  155  mm  M203E1  charge.  This  zone  8S 
propelling  charge  is  currently  being  tested  as  a replacement  for  the 
M203  charge.  The  M203  charge  is  compatible  with  the  155  mm  M199  cannon, 
but  the  charge  cannot  be  safely  fired  from  the  155  mm  M185  cannon  which 
has  a shorter  chamber  than  the  M199  cannon.  The  M203E1  charge  is 
shorter,  and  therefore  fatter,  than  the  M203  so  it  can  be  fired  from 
both  155  mm  howitzers. 

During  a safety  test  in  which  M203E1  charges  conditioned  at  336K 
(145°F)  were  being  fired  from  the  M399  cannon,  residue  was  found  in  the 
chamber.  Eventually,  the  residue  collected  to  the  point  that  a projectile 
failed  to  ram  properly. 

One  hypothesis  for  the  residue  formation  is  that  the  wax  softens 
at  336K,  and  a waxy  residue  is  deposited  on  the  chamber  when  336K- 
conditioned  charges  are  repeatedly  fired.  In  addition,  more  unburned 
fragments  may  be  left  in  the  chamber  at  the  higher  conditioning  tempera- 
ture, thereby  providing  material  to  stick  to  the  chamber  wall . This 
seems  consistent  with  the  earlier  observation  that  '..re  Til^-wax  liner 
does  not  perform  as  well  in  ammunition  conditioned  at  higher  temperatures. 

1A.  C.  Alkidas 3 M.  Summer  fie ld3  and  J.  R.  Ward3  "A  Survey  of  Sear- 
Redx'dnn  Additives  and  of  the  Mechanisms  Proposed  to  Explain  Their 
Wear-Reducing  Action",  BRL  Memorandum  Report  No.  26033  March  1976. 

(AD  #B010280L) 

2R.  P,  Grepps , J.  W.  Harris 3 S.  3.  Parkoff,  and  G.  Neegard3  " Final 
Report  of  Product  Improvement  Test  of  Ammunition.  Additive  Effect  on 
M41  and  M68  Gun  Tube  Life ",  DPS  Report  No.  1620 , December  1964. 

7 

P.  R.  Grepps3  " Component  Development  Test  of  Laminar  Coolant,  Barrel 
Wear-Reducing  Additive  in  Cartridge 3 105  mm  Gun3  M683  Ammunition 
Components' '3  DPS  Report  No.  ?v83  January  1963. 

*P%  R.  Grepp83  "Development  Tests  of  Laminar  Cooling  of  Gun  Bores , 

90  mm,  M41 ",  DPS  Report  No.  TW-417/6 } June  1959. 
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To  help  test  the  hypothesis  for  the  residue  formation,  and  to 
suggest  future  tests,  a thermomechanical  analysis  was  made  of  the  Ti02 
wax  blend  to  find  the  softening  temperature. 


II.  EXPERIMENTAL 

Ml  thermal  measurements  were  conducted  v/ith  a DuPont  990  Thermal 
Analyzer.  Thermal  penetration  measurements  were  made  with  a DuPont  942 
Thermomechanical  Analyzer;  differential  scanning  calorimetry  measure- 
ments were  made  with  a DuPont  Cell  Base  equipped  with  a Pressure 
DSC  Cell, 

Samples  of  the  TiC^-wax  wear  reducing  auditive  were  prepared  by 
slicing  a section  of  the  additive  off  of  its  cloth  backing  and  filing 
the  sample  to  get  a smooth  surface.  The  sample  is  approximately  2.5  mm 
thick.  Samples  of  the  polyurethane  additive  were  cut  directly  from  a 
sheet  of  approximately  3.1  mm  thickness. 


III.  RESULTS 

A comparison  of  the  thermochemical  behavior  of  Ti02-wax  versus 
polyurethane  by  differential  scanning  calorimetry  (DSC)  reveals  substan- 
tial differences  between  these  two  materials.  The  TiC>2'Wax  blend  showed 
an  endotherm  beginning  at  318K  (113°F);  the  endotherm  reaches  a maximum 
at  the  melting  point  of  the  wax,  347K  (165°F).  In  contrast,  the  poly- 
urethane shows  no  evidence  of  any  endotherm  until  553L  (535UF);  this 
endotherm  peaks  at  564K  (555°F),  At.  higher  temperatures  an  exotherm 
presumed  to  be  associated  with  decomposition  of  the  sample  occurs  and 
reaches  a maximum  at  644K  (700*'F) . 

To  determine  the  softening  temperature,  measurements  were  made  of 
the  penetration  temperature  of  TiOg-wax  samples  under  various  external 
loads.  The  sample  is  heated  at  a programmed  rate  from  ambient  tempera- 
ture. The  sample  expands  in  a manner  determined  by  the  coefficient  of 
linear  expansion.  The  external  probe  on  the  thermomechanical  analyzer 
measures  the  length  of  the  sample.  When  the  sample  softens,  the 
external  probe  setting  on  the  sample  punches  through  the  surface.  The 
softening  temperature  then  corresponds  to  the  temperature  where  the 
sample  stops  expanding.  A summary  of  the  penetration  temperature  vs 
load  is  shown  in  Figure  1.  Under  no  load,  penetration  is  seen  to  occur 
only  a few  degrees  below  the  melting  point  of  the  wax.  However,  under 
a moderate  load  of  10  grams,  the  penetration  temperature  drops  approxi- 
mately 40K  below  the  melting  point.  This  penetration  temperature 
decreases  only  slightly  upon  further  loading  to  the  maximum  load  tested 
of  100  grains. 
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Hence,  the  endotherm  seen  in  the  DSC  for  the  TiO*  wax  corresponds  to 
softening  of  the  wax  and  the  softening  occurs  well  below  the  maximum 
conditioning  temperature. 

These  results  clearly  indicate  that  softening  under  lead  and  thus 
the  possibility  of  flow  can  occur  for  the  TilH-wax  additive  at  as  littie 
as  SK  above  room  temperature.  Storage  or  conditioning  of  additive- 
containing  charges  above  room  temperature  could  thus  affect  performance 
of  the  liner. 

These  results  suggest  substitution  of  a higher  melting-wax  that 
will  not  soften  under  an  imposed  load  even  when  the  wax  is  at  the  maximum 
propellant  condition  temperature.  Recent  tests  by  the  Large  Caliber 
Weapons  System  Laboratory  with  higher  melting  wax  in  the  wear  reducing 
liner  demonstrated  that  no  residue  was  left  in  the  chamber^  firing  rounds 
with  the  higher-melting  wax. 

Considering  the  high  softening  point  of  the  polyurethane  additive, 
no  low  temperature  penetration  under  load  effects  were  anticipated. 

This  was  surprisingly  not  the  case,  as  the  results  of  Table  I indicate. 
However,  Table  I also  indicates  that  duplicate  load  trials  did  not  give 
reproducible  results.  This  suggests  that  the  penetration  observed  was 
not  the  result  of  a true  softening  under  load  which  could  lead  to  flow, 
but  rather  simply  to  a deformation  of  the  polymer  as  a whole,  with  the 
deformation  occurring  at  different  temperatures  depending  on  the  local 
nature  of  the  polyurethane  surface  where  the  load  was  placed. 


TABLE  I.  LOAD  VS  PENETRATION  TEMPERATURE  FOR  THE 
POL fUkt-Tl IANE  ADD  1 T 1 VE 


Load,  g 


Penetr atlon  Temperature,  K 


5„ 

A. 


XtiiSSC 


0 

'•  4 ?3 

o2t> 

2(1 

505 

50 

539 

31  b 

100 

37? 

304 

302 

•pt  m preiKUKiiton. 


and  D.  Douks 


IV.  CONCLUSIONS 


1.  Thermomechanical  analysis  of  the  TiO>-wax  blend  in  wear-reducing 
liners  indicates  the  wax  softens  -10K  below  the  melting  point  of  347K 
(105°!’).  This  is  well  below  the  maximum  conditioning  temperature  of 
330K  ( 14S°i;) . 

A wax  required  to  be  conditioned  at  336K  ( 1 4 5 c F ) should  have  a 
melting  point  no  lower  than  3S3K  (230°F),  as  judged  from  the  difference 
in  melting  temperature  versus  softening  temperature  under  external  load. 

2.  The  polyurethane  additive  studied  could  be  stored  or  conditioned  at 
472K  (390°1;)  or  even  slightly  higher  without  impairing  the  effectiveness 
of  the  additive  by  flow  under  load. 
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